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Abstract 
The effects of metals on the structure of phytoplankton communities were determined in the Zhalong Wetland of 
China during one hydrology year. 133 taxa occurring in at least two samples or the percentages over 5% in at least 
one sample were identified and utilized in statistical analysis, which belonged to 58 genera, 28 families, 17 orders, 9 
classes, 7 phyla. Principle component analysis (PCA) based on metal levels displayed two major groups, the light and 
heavy metals. Canonical correspondence analysis (CCA) with forward selection and a Monte Carlo permutation test 
revealed that kalium ion (K) was significant (P<0.05) and though Fe, Mn, Na and Ca were not significant variables, 
they were the important characters together with K, accounting for the biggest variation (more than 3%) in algae 
floras. Those taxa resistant to metal levels in the present study had a short distance with relevant metals in CCA 
biplot showed a strong correlation, which should be indicators of the metal contamination. 
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ĉ. Introduction 
The wetland plays an indispensability part to both human society and the ecological system of the 
nature world [1]. The Zhalong Wetland is famous for cranes country as a national natural protection area, 
which situates in the Northeastern China, has been facing increasing threats from both intensified human 
exploitation. Metal exposure constitutes a potential threat to natural ecosystems, even death in aquatic 
organisms. More importantly, many metals are bio-accumulated, then enter the food chain and pose 
serious threaten to animals and human health through bio-maginification [2]. Phytoplankton is considered 
as the autotrophic component of the aquatic ecosystem [3], affects the structure and efficiency of the food 
web and the global biogeochemical cycles [4]. Thus, phytoplankton is often used as an early warning 
indicator of the health of the aquatic ecosystem [5]. The present work reported the influence of metal 
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contamination on the structure of phytoplankton of the Zhalong Wetland. Its variability in the structure 
could be used to provide a yardstick for identifying the intensity and potential for water quality and 
ecological damage, which in turn predicted for the entire ecosystem by the relationship [6]. 
Materials and methods 
The Study Area. The Zhalong Wetland, located in the Northeast of China (Fig. 1), is an inner flow 
area whose water shows great seasonal fluctuations. This region is characterized by three periods: the 
water-deficient period in which the Zhalong Wetland is ice-cover in most of the water-deficient periods 
for half a year, usually from November to next April, the water-common period includes May, June and 
October, the water-rich period commonly from July to September. 
 
Fig. 1 Maps of the Zhalong Wetland showing the sampling locations: A-D in the inhalant region,  
E-K in the core region, L in the exhalant region 
Sampling and Methodology. Water for chemical and biological analysis was collected from February 
to September, 2009. The sampling stations in the Zhalong Wetland were presented in Fig. 1. 12 sampling 
stations were set up in the Zhalong Wetland covering three regions, inhalant region, core region and 
exhalant region. A total of 35 samples were obtained (without exhalant region in the icebound period due 
to no water). Samples were stored in plastic containers for the analysis for chemical variables. A 1L water 
sample each station was preserved in lugol solution for later phytoplankton identification and counting. In 
the laboratory, 12 metal variables, including magnesium (Mg), manganese (Mn), natrium (Na), lead (Pb), 
zinc (Zn), calcium (Ca), chromium (Cr), copper (Cu), iron (Fe), kalium (K), selenium (Se), arsenic (As) 
were determined using standard techniques [7]. For algae we mainly consulted taxonomical identification 
based on refs [8, 9].  
Statistical Analysis. PCA was applied to search for a general pattern in the studied environmental 
variables. Two types of species-data ordination techniques were applied. First, detrended correspondence 
analysis (DCA) was used to find major gradients in species composition and thus describe which the 
linear or unimodal response model of the species data to environmental axes could be examined before 
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further analysis. CCA was used to assess the relative importance of first and second major gradients of 
environmental variables in explaining the species distribution patterns [10]. A global Monte Carlo test 
and forward selection in CCA were performed to determine the significance of the correlations between 
the metal and biological variables in CANOCO [11]. 
Species enumeration was done in the total samples, depending on the abundance of the organisms. 
Species occurring in at least two samples or the percentages over 5% in at least one sample were utilized 
in statistical analysis. The relative abundances were square root-transformed and the rare species were 
down-weighted before matrix analysis. All the metal data were log10 (x+1) transformed prior to analysis. 
The analyses were performed using the CANOCO software package version 4.5. 
Results 
Metals. Concentrations of metals measured along the Zhalong Wetland were shown in Fig. 2. The 
lowest values usually occurred in the exhalant region (L). There was no obvious regular fluctuation in the 
inhalant region (A-D), the core region (E-K). In the inhalant region, values of Mg, Mn, Na, Se, Ca, Cr, Zn 
were higher than those recorded at most stations in the core region, whereas Pb, K, Fe, As values were 
lower. Cu concentration had irregular wave with a higher value at station A, C, E, K. Concentrations of 
Pb, Se, As, Cr and Cu remained low at all stations even under detected with below 0.2 mg/L, 0.004 mg/L, 
0.04 mg/L, 0.02 mg/L, 0.02 mg/L, respectively. All the content of parameters studied was higher in 
water-deficient period than the other periods except for Se, As, Cr. Metal levels changed a little between 
water-common and water-rich periods. 
 
Fig. 2 Concentrations of parameters measured in the Zhalong Wetland during the studied period 
Mapping of sites based on their metal levels highlighted two distinct gradients accounting for nearly 
91.1% of the variation (PCA biplot, Fig. 3). Mg, Na, and K exhibited high positive loadings on PCA axis 
1 (Ȝ1 = 0.817). In contrast, Pb, Fe and Mn showed high positive correlations on PCA axis 2, while Se and 
Cr were negatively correlated with this axis (Ȝ2=0.094). Consequently, PCA1 could be interpreted as a 
gradient of the light metal and the heavy metal were associated with PCA2. On the right, a first group of 
sampling sites included all sites without site 1 and 4 in the water-deficient period, which usually 
presented higher water metal content. Both water-common and water-rich period samplings were located 
on the left. In general, these water bodies were influenced by anthropogenic disturbance, like fishing and 
tourism in summer and autumn. 
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Fig. 3 PCA ordination of metal variables in the Zhalong Wetland during the three periods. The circles 
represent sites: 1-11 in the water-deficient period, 12-23 in the water-common period, 24-35 in the water-
rich period. 
Fig. 4 CCA biplot of the phytoplankton distrubution and metal levels of the Zhalong Wetland during 
three periods: selected species codes were present, where Actinastrum hanstzschii=Acha, Amphora 
ovails=Amov, Ankistrodesmus acicularis=Anac, Ankistrodesmus angustus=Anan, Ankistrodesmus 
falcatus=Anfa, Ankistrodesmus falcarus var. mirabilis=Anfami, Ankistrodesmus falcarus var. 
mirabilis=Anfami, Asterionella Formosa=Asfo, Astasia klebsii=Askl, Aulacoseira ambigua=Auam, 
Chroomonas acuta=Chac, Chroomonas caudate=Chca, Chlamydomonas globosa=Chgl, Chroococcus 
minutus=Chmi, Chodatella quádriseta=Chqu, Chlamydomonas sp=Chsp, Closterium gracide=Clgr, 
Closterium meniliforum=Clme, Cosmarium abbreviatum=Coab, Cosmarium meneghinii=Come, 
Coelastrum microporum=Comi, Cocconeis placentula var. euglypta=Copleu, Coelastrum 
sphaericum=Cosp, Crucigenia apiculata=Crap, Cryptomonas erosa=Crer, Cryptomonas ovata=Crov, 
Crucigenia quadrata=Crqu, Crucigenia tetrapedia=Crte, Cymbella affinis=Cyaf, Cymbella cistula=Cyci, 
Cyclotella meneghiniana=Cyme, Cymbella tumida=Cytu, Cymbella ventricosa=Cyve, Dinobryon 
cylindricum=Dicy, Dinobryon divergens=Didi, Diploneis elliptia=Diel, Diatoma hiemale=Dihi, 
Diploneis ovalis=Diov, Dictyosphaerium pulchellum=Dipu, Dinobryon sociale=Diso, Dictyosphaerium 
tetrachotomum=Dite, Diatoma vulgare=Divu, Epithemia adnata=Epad, Epithemia adnata 
var.proboscidea=Epadpr, Epithemia sorex=Epso, Euglena acus=Euac, Euglena caudata=Euca, 
Eudorina elegans=Euel, Euglena mutabilis=Eumu, Euglena oxyuris=Euox, Euglena sp=Eusp, 
Fragilaria capucina=Frca, Fragilaria unla var.unla=Frunun, Glenodinium pulvisculua=Glpu, 
Gomphonema constrictum=Goco, Gomphonema parvulum=Gopa, Gryrosigma scalproides=Grsc, 
Gyrosigma acuminatum=Gyac, Gymnodinium aeruginosum=Gyae, Hantzschia amphioxys=Haam, 
Kirchneriella contorta=Kico, Lepocinclis fusiformis=Lefu, Lepocinclis ovum var.conica=Leovco, 
Lepocinclis steinii=Lest, Lyngbya martensiana=Lima, Lyngbya sp=Lisp, Melosira granulate=Megr, 
Melosira granulata var. angustissima=Megran, Pithophora oedogomia =Pioe,  Pleurosigma 
angulatum=Plan, Rhopalodia gibba=Rhgi, Scenedesmus abundans var.asymmetrica=Scabas, 
Scenedesmus arcuatus=Scar, Scenedesmus bijugus=Scbi, Scenedesums dimorphus=Scdi, Scenedesmus 
platydiscus=Scpl, Scenedesmus quadricauda=Scqu, Scenedesmus spinosus=Scsp, Spiroggyra 
communis=Spco, Spirogyra longata=Splo, Strombomonas fluviatilis=Stfl, Staurastrum gracile=Stgr, 
Synedra acus=Syac, Synedra captiata=Syca, Synedra ulna=Syul, Tabellaria flocculosa=Tafl, 
Tetrastrum staurogerciaeforme=Test, Tetraedron trilobatum=Tetr, Trachelomonas hispida=Trhi, 
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Trachelomonas oblonga=Trob, Trachelomonas volvocina=Trvo, Westellopsis linearis=Weli, 
Westellopsis sp=Wesp. 
Phytoplankton community and its relationship with metals. A total of 309 phytoplankton taxa were 
identified in all samples. Only 133 taxa occurring in at least two samples or the percentages over 5% in at 
least one sample were utilized in statistical analysis, which belonged to 58 genera, 28 families, 17 orders, 
9 classes, 7 phyla. The DCA ordination of the 35 samplings showed that the largest gradient length was 
6.94 standard deviation units, evoking a strong unimodal response modal in the data that can be used for 
further CCA ordination. The only one parameter, i.e. Mg with high variance inflation factor (VIF > 20) 
was tested almost perfectly correlated with the other variables, as redundant variable. Fig. 4 showed the 
influence of metal variables on the distribution of phytoplankton in the studied sites, as determined by 
CCA. As for phytoplankton community, K was found to be significant (P<0.05) in the forward selection 
procedure. Altogether, these 11 variables explained 51.7% of the total variance in species-environment 
relation. The first axis of the ordination explained 14.4% of the total variance, while the second axis, an 
additional 14.4%. K was highly positively correlated with the first axis and the second axis. Though Fe, 
Mn, Na and Ca were not significant variables, they were the important characters together with K, 
accounting for the biggest variation (more than 3%) in algae floras according to their marginal effects and 
ȜA in the series of constrained CCAs (Table 1). Along the first axis, Ankistrodesmus angustus, Astasia 
klebsii, Chroomonas caudate, Chlamydomonas globosa, Coelastrum microporum and so on inhabited 
only in the water-common period (the upper left-hand quadrants). The taxa occurring only in the water-
deficient period were located to the upper sides and those occurring only in the water-rich period to the 
lower left-hand quadrants. On the lower right-hand quadrants, there were no taxa inhabited only in the 
water-common period. 
 
Table 1. The Importance of Each Variable and Significance Test in CCA with the Forward Selection 
Variables Marginal Effect Variance explained (%) P value ȜA 
K 0.37 4.3 0.021 0.37
Fe 0.34 3.9 0.143 0.29
Mn 0.32 3.6 0.198 0.29
Na 0.34 3.9 0.435 0.25
Cr 0.23 2.6 0.535 0.24
Pb 0.23 2.7 0.559 0.23
Cu 0.21 2.4 0.178 0.29
Zn 0.14 1.7 0.283 0.27
Ca 0.28 3.2 0.592 0.23
Se 0 24 2 7 0 634 0 22
As 0.23 2.6 0.746 0.19
Discussion 
In the present work, the extent and intensity of the contamination varies greatly with the season. 
Almost all parameter content studied was higher in water-deficient period. Probably, there was longer 
residence time of the wetland water due to the lowest flow during the ice-cover season. In wintertime,  
Plankton studies carried out in three periods and the lowest richness occurred in the water-deficient 
period while the highest richness appeared in the water-common period, which showed distinct impact of 
metals on phytoplankton in all sites. Accordingly, phytoplankton responded mainly through a shift in the 
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algal composition towards species less susceptible to metals. This response is in accordance with findings 
of other authors in different freshwater environments [12]. 
The PCA biplot (Fig. 3) indicated the metal effect on the algae could be into two groups, the heavy 
metal and the light metals. The research of the light metals on algae community is scarce. However, K 
was found to be significant (P<0.05) for phytoplankton community with the forward selection (Table 1). 
In our research, some taxa reaching higher abundance in the metal contaminated area showed their 
resistance to metals toxicity. The sensitivity of phytoplankton community to heavy metals has been 
reported before [13]. Indeed, some taxa are known for their resistance to metal contamination developing 
higher biomass in the higher metal content region, for example, Scenedesmus species are typically 
resistant to Cu, Cd and Zn [14], Euglena gracilis to Cd [15]. Synedra ulna, Nitzschia palea and 
Gomphonema parvulum proved to be Zn-tolerant species [16]. 
Those taxa resistant to metal levels in the present study had a short distance with relevant metals in 
CCA biplot including ones occurring in the upper sides, lower left-hand quadrants and the lower right-
hand quadrants (Fig. 4) showed a strong correlation, which should be indicators of the metal 
contamination. Autotrophic phytoplankton assemblage has been used as indicator organisms by 
researchers because of their sensitivity to contaminants [17]. Some mechanisms utilized by phytoplankton 
community have been identified. A metal must first interact with a cell membrane in order to elicit a 
biological response from a target organism and accumulate within this organism [18]. Fitzwater et al. [19] 
elevated Fe concentrations coincided with areas of increased productivity, phytoplankton biomass and 
nutrient drawdown, indicating that Fe is an important factor controlling the location of phytoplankton 
blooms in the Ross Sea. Zn is also a nutrient essence for phytoplankton that is a part of several enzymes 
systems including silica absorption and carbonic anhydrase activity. Zn, even in low concentrations, is 
deleterious to Euglenophyceae, Cyanophyceae and Xantophyceae [16]. Suspended particulate matter play 
an important role on metal adsorption and phytoplankton displayed a large capacity to concentrate metals, 
in particular Cu and Pb [20]. 
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